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OFHYDROCARBONS

By HaroldF. HipsherandPaulH.Wise

Thesynthesis,thepurification,andseveralphysical.properties
offourl-alkyl.naphthslenes,l-methylnaphthalene,l-ethylnaphthalene,
l-butyl.naphthalene,andl-isobutyhaphthalene,aredescribed.b each
case,thehydrocarbonwassynthesizedfroml-naphthylmagnesiumbromi~
bywell-knownmethods.Thefinal.hydrocarbons(aminimumof2000ml
each)werepurifiedby fractionaldistillationthrough6-footPodbiel-
niakcolumnsto obtain500millilitersofeachhydrocarbonwitha
calculatedpurityhigherthan99molepercent.Thephysicalproperties,
determinedfor~terialhavinga calculatedpurityof99.8molepercent
orhigher,includemeltingpetit,boilingpointsat760millhetersof
mercury,indexofrefraction,densityat 20°C,kinematic’viscosityat
fourtemperatures,heatoffusion,andheatofcombustion.Time-
temperaturemelthgcurvesandinfraredspectrasrepresentedforthe
fourl-alkylnaphthalenes.

13.1’TROIXJCTION

As partofaninvestigationoftheeffectofmolecularstructure
onthephysicalpropertiesofhydrocarbons,a seriesofaJkyln.aphtha-
lenesandtheirhydrogenatedderivativesisbeingpreparedattheNAGA
Lewislaboratory.Thesynthesispromamwasnecessarybecauseofthe
relativescarcityofcompleteandreliabledataintheliterature.

Almostalltheliteratureonthealkylnaphthslenesdescribes
attemptsto separatetheindividualhydrocarbonsfrommixturesof
isomersw frmnnaturalproductssuchaspetroleum(reference1) or
coal-tsrdistillates(references2 and3). In orderto obtainproducts
oflmownstructureandpurity,directsynthesisofthedesiredhydro-
carbonsa~earedtobe a preferableapproach.

. . .—. . —— ———— -—.-–- .—— ——
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Thesynthesisofl-methylnaphtueneby thehydrolysisof
l-naphthylmethylmagnesiumchloridehasbeenreported(reference4).
Thecondensationof-ethyl sulfatewithl-naphthylmagnesiumbromide,
as suggestedinreference5,was@hosenforthispreparation.

N
l-Ethylnaphthalenehasbeenpreparedby thereductianofmethyl- N0

l-naphthylketone(references6 to 9),by thecondensationof m

l-naphthylmagnesiumbromidewithdiethylsulfate(reference5) or
ethyl-~-toluenesulfonate(reference10),andby thereactionof
l-naphthylmethylmagnesiumchloridewithdimethylsuMate(referenceIl.).
Thereactionofdiethylsulfatewithl-naphthylmagnesiumbromidewas
usedhereti.

Threemethodsforthesynthesisofl-butylnaphthaleneme reported
intheliterature:a Wurtz-typereacticmofl-bromonaphthalaewith
butylchloride(reference12),thereductiond?propyl-1-naphthyl
ketonemadeby thel%riedel-C!rai?tssynthesis(reference13),andthe
reactionofbutylmagnesiumbromidewitha-tetraloneandthedehydration
anddehydrogenationoftheresultingtetralol(reference9).

Thefollowingthreemethods,notpreviouslyrepcn%ed,wereused
inthisresearchtopreparel-btiylnaphthalene:(1)ccmdensationof .
butyraldehydewithl-naphthylGrignardreagent,dehydrationofthe
resultingcarbinolto 1(1-naphthyl)l-butene,andhydrogenationofthat
olefinwithcopperchromitecatalyst;(2)Wolff-fishnerreductionof
1(1-naphth.yl)l-butm,oneobttiedby tiecond=sationofbut~~itr~e
withl-naphthylmgnesiumbrcmide;and(3)directly,by thereaction
ofbutyl-~-toluenesulfonate withthel-naphthylGrignardreagent.

Theonlymentionofl-isobutybaphthaleneintheliteratureisthe
Syn.&esisoftheint-ediateisoprapyl-1-naphthylketcmeby the
I&iedel-(%aftsreactionandreductionoftheketonewithnickel
catalyst(reference14). l-Isobutylnaphthalenewasprepsredinthis
investigationby thehydrogenationoftheo.lefh synthesizedby the
reactiond metha13ylchloridewithl-naphthylmagnesiumbromide.

DISCUSSION~ SUWDIESES

Purificationofl-brcnnonaphthaleneby crystallizationandfrac-
tionaldistillationindicatedthattheimpuritieswerenaphthaleneand
dibrmnonaphthalenes,whichwouldnotgivetr~lesome_ities in
thefM hydrocarbons.Afterthesyntheseshadbeencompleted,it
wasdiscoveredby infraedanalysisthata smallpercentageofthe
2-isomerwaspresentinthel-ethylnaphthalene.Thepossiblepresence
ofthe2-isomerh thehydrocarbonsw521be discussedundereach
hydrocarbon.

— ——— -—.
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l-Ethylnaphthalene.- Thepreparationofl-ethyl.naphthalene
involvedthereactionoftheGrignsrdreagent,l-naphthylmagnesium
bromide,with”diethylstiate. ForeachmoleofGrignardreagent,
2 molesofdiethylsulfatearerequiredforthereactionto goto
completion(reference15).

3

Thefinal.productwascontaminatedwithan5nrp@tythathada
boildngpointapproximately1°C below,anda refractiveindexcon-
siderablybelowthevaluesforl-ethylnaphthalene(fig.l(b)). Samples
fromvariouspartsofthedistillationwerecheckedby infraredspectra
inanattemptto identifythecontaminant.Itwasfoundtobe
Z-ethylnaphthaleneby a comparisonwiththespectrumofanauthentic
sampleofthe2-isomer,butno quantitativeanalysiswasmade.

l-Methylnaphthalene.- Thesynthesis-ofl-methylnaphthalenewas
similarto thatofl-ethylnaphthalene;2 molesofdimethylsulfate
wereusedforeachmoleofnaphthylGrignsrdreag=t.

Ifl-methyhaphthaleneis contadnatedwith2-methylmphthalene,
it canbepurifiedby fractimmldistillation(reference1);however,
anycontaminationofthefind productwiththe2-isomerwillnotbe
indicatedby thecalculationofpurityby thetieezing-pointmethod
sticethetwoismersfoxmsolidsolutions(reference2). Howevmjthe
cliffaencebetweentheboilingpointsof1-and2-methylnaphthaleneat
atmosphericpressureis 3.50 C andof1- and2-ethylnaphthaleneis
only0.85°C. Thepurityofthel-methylnaphthaleneshouldtherefore
be atleastashighasthatofthel-ethylnaphthalenereportedhereti.

l-Isobutylnaphthalene.- l-Isobutylnaphthalenewasprepsredby the
reactionofmethalLylchloridewiththenaphthylGriWd reagent,and
theresul.tmolefinwashydrogenatedinthepresenceofcopp’&rcbromite
catalyst.Thenaphthaleneringwasfoundtobe partlyreducedifthe
temperatureofhydrogenationwasallowedtorisemuchabove130°C.
Sincetheheatofreactionwasgreatenaqghto causea temperature
riseaslsrgeas 50°C ina periodof 2 minutes,someringhydrogena-
tiondidoccurasevidencedby thelowerrefractiveindexofthefirst
fractions(fig.l(c)).

Thehigherboilingimpurity,assumedtobe the2-isomer,was
hardertoremovebecauseitis cmcentratedintheresihe. As can
be seenfromfigurel(c),thepurestmaterial-wasobtainedintheearly
partofthedistillation,contrsrytothebehaviord l-methyl-and
l-ethylnaphthalenes.

l-Butylnaphthalene.- l-Butylnaphthalenewaspreparedby three
differentmethodsfroml-naphthylmagnesiumbromide.Mostofthe
materialwaspreparedby theccmdensationofbutyrddehydewiththe
naphthylGriWd reagent,dehydrationoftheresultingsecondary
alcoholtotheintermediateolefin,andhydrogenationoftheolefin
overcopperchrtitecatslyst.Inthiscase,thehydrogenationtem-
peraturewasnotallowedtoriseabove125°C andverylittlering
hydrogenaticmwasencountered,asindicatedby theabsenceaPmaterial
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witha lowrefractiveindex(fig.l(d)).Thecompoundwasalsomadeby
a Wolff-KMuwr reductionofpropyl-1-naphthylketone,whichwas
synthesizedby thecondensationofbutyronitrileandl-naphthylmagnesium
bromidefollowedby hydrolysisoftheintermediateketimine.Thethird
methodinvolvedthecondensationofbutyl-~-toluenesullfonateand
naphthylGrignardreagent.

Ofthethreemethods,theWolff-Klshnerreductionoftheketone
wasthemostpracticalandgavethehighest@ld ofpurematerialwith
theleastsmountofworkingtimeinvolved.

Theseparationofthehigherboilbgimpurity,assumedtobe the
2-isomer,wasmoreclifficul.twiththe~-butylcompoundthanwiththe
isobutylcompoundanda smallerpercentageofthehydrocarbonwas
isolatedwitha puritybetterthan99molepercent(fig.l(d)).

HJKO?ICATIOIJANDDWEWDUTION OFp13YSICALPROPERKD3S

Thehydrocarbonswerepurifiedby fractional.distillationof
2 to 3 litersofmaterialthrough6-footPodbielniakcolumnsatreduced
pressure.Melt- pointsweredeterminedforsamplesfromvariousparts
ofthedistillation,andthepurerfractionswereccmbinedtoobtati
thedesired500-mil151iterquantityofeachhydrocarbon.Thephysical.
constantsgivenintableI areforthepurestmaterialobtatiedandnot
forthe500-milliliterquantity.

Themeltingcurves(fig.2)andtheboill.ngpointsweredetermined
witha platinumresistancethermometeranda G-2Muellerbridge.The
accessoryequipmentandthemet.hxifordeterminingthemeltingpoints
arethoseofreferences16 and17,respectively.Theboilingpoint
apparatuswasmodifiedfromthatofreference18,andthesystemwas
pressurizedwithdryatifroma surgetank,whichwasheldatcmmtant
pressureby adjustinga continuousbleed.A gra~etricbalancethe
sameasthatdescribedtireference19wasusedfordeterminingg the
densities.Therefractiveindicesweremeasuredwitha Bausch& Loti
precisionoil-modelinstrument.Theheatsofcanbusticmweremeasured
inan o~gen-boticalorimeteraccordingtothemethoddescribedin
reference20. Thekine&ic viscositiesweredeterminedinviscosi-
metersthathadbeencalibratedwiththeNational.BureauofStantids
stsndardviscositysamplesH-5,H-7,D-7,orL-17.TheA.S.T.M.
procedureofreference21wasfollowed.Theheatsoffusionwere
obtainedby useofa methodandapparatussimilar to that described
inreference22. Theestimatedmolepercentpurities,~etermined
acccrdingtomethodsdescribed
Infraredspectrawereobtained
andsrepresentedinfigure3.

inref-aence2i,are
ona Bairdrecording

~so included. .
spectrophotometer

l%’om
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Themagnitudeoftheuncerhintiesandtheprecision.ofthemea-
surements,respectively,areestimatedasfollows:forthemelting
point,0.02°and&0.003°C;boilingpoint,O.1°andk0.04°C; density,
CJ.000osandM.00003grampermilliliter;refractiveindex $0’
0.0002andLO.OCOl;heatofconibustion,20and*12kilogram-calories
p~rmole; kinematicviscosityrelativeto 1.007centistokesforwater
“.t20°C, 0.5andj41.2percentofthedetermine~value;andheatof
fusion,5 and2.5percentofthedeterdnedvalue.

Theyieldsreported
unlessotherwisestated.

EmmmmmL DETAILS

arebasedontheamountofl-bromonaphthalene

l-l?aphthylmagnesium

Thel-naphthylGrignsrdreagentwas
thefollowingprocedurewasemployedfor

Bromide

usedineachpreparation,and
eachmoleofGrignardreagent

required.In eachcase,1 gramatom(24.3grams)ofmagnesiumturnings
inthereactionvesselwascoveredwith200to 300JnHJXlitersofdry
ethylether;approximately10 ~sms oftherequired207.1gramsof
l-bromonaphthalenewasaddedwitha crystalofiodineorapproximately
0.5@?smofmethyliodideto initiatethereaction.Aftertheinitial
reactionhadsubsided,theremainderafthel-bromonaphthalene,dis-
solvedin150to 200millilitersofdrybenzene,wasaddedwithstir-
ring.ThebenzeneisnecessarytokeeptheGrignardreagentin SOIU-
tion.

l-Methylnaphthalene

TheGrignardreagentwaspreparedfrom30molesof
l-bromonaphthaleneand30grsmatomsofmagnesiumina 30-gallonglass-
linedreactor.A totalof61moles(7700grams)ofdimethylsuJfate
dissolvedin10litersofdryetherwasaddedovera periodof
2.5hours.Thereactionmixturewasstirredovernightandald.owedto
cooltoroomtemperature.Itwasrefluxed8 hoursandagainallowed
to cooltoroomtemperatureovernight.Themixturewashydrolyzedwith
2.2litersofconcentratedhydrochloricacid(approximately27moles
ofhydrogenchloride)dissolvedin40litersofwater.Theether-
benzenesolutionwaswashedsuccessivelywith40litersofwater,
40litersof5-percentsodiumbicarbonatesolution,andagainwith
40litersofwater.Mostoftheetherandbenzeneweredistilledby
heatingwithsteam.Theexcessdimethylmilfatewashydrolyzedby
refluxingtheproductwithan equalvolume(appro-tely5 liters)of
50-percentalcoholcontaining775gramsofsodiumhydroxide.The
productwasseparatedfromthealcohol-waterlayer,theal.coho.l.+ater

—.——— --——- . __ —.—. .—— ——— -—————— —--- —-—
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withether,andtheconibinedetherextractand
withwateranddistilled.Afterthepreliminn
removed630gramsofnaphthslene,theproductwas

fractionnydisti13edunderreducedpressureto give260gam of
napthalene(24percenttotalyield)and2955grams(68percentyield)
ofl-methylnaphthalene,78percentofwhichwascalculatedtobe at
least99.7molepercentpure(fig.l(a)).

Thehtizmtal 13nesappesringinthetophalfofeachpartof
figure1 correspondtothepercentageofthedistillatein eachsample
thatwasusedfm esthxkingthepurity.Thedashedlinesindicatethe
expectedpurityofthepsrtsofthedistillatecmwhichnomeltdng
pointsw=e determined.

l-Ethylna@thalene

l-~aphthylmagnesiumbrmnidewaspreparedticm25molesof
l-bramnaphthaleneand25gramatcm ofma~esiumtia 30-gallonglass.
linedreactor.A totalof50moles(7700grams)offreshlydistilled
tiethyls~ate b 10lit- ofdryetherwasaddedin1.5hoursand
thereactionmixturewaskeptatrefluxtemperatureforanadditional
5 huurs.Themixturewascooledtoroomtemperalameovernight,and
hydrolyzedwith40molesofhydrochloricacidin 24Mters ofwat=.
Theether-benzenesolutionwaswashedwithwater,witha 5-percent
sodiumbicarbonatesolutia,andagainwithwater.Theetherand
benzeneweredistilledunderreticedpressure,andtheexcessdiethyl
-ate washydrolyzedby refludngtith4 litersaP50-percentalcohol
and500~ of SOdiUfLl~Otide. Theproductwasdistilledwnder
reducedpressureandyielded990grams(31percent)ofnaphthalene,
and2359grams(60percent)ofcrudel-ethylnaphthalene,52percentof
whichwasatleast99.4molepercentpure(fig.l(b)).

l-Isobutylnaphthalene

TheGrignsrdreagentwasprepsredfrom40molesof
l-bromcmaphthalmeand40 gramatomsofmagnesium;anadditicmal
13 lAtersof dryetk wasaddedsothatthereactionproductswould
remainh suspension.A totalof4Amoles(3986grams)ofmethaU.yl
chloridedissolvedin10Hters ofdryetherwasaddedovera 2.5-hour
period.me reactimmixturewasstirredovernightwithoutheating
andthenheatedtorefluxfor8 hours.Themixturewashydrolyzedwith
27molesofhydrochloricaciddissolvedin25lAtersofwater.The
ether-benzenesolutionwaswashedwithwater,’witha 10-percentsodium
bicarbonatesolution,smdagainwithwater.Theetherandbenzenewere
distilledby heatingwithsteam,andtheproductwasdistilledunder
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reducedpressure.There
l-methalJylnaphthslene,

wasobtained6235grams
ofWhich,4085gramsmS

7

(85percent)of crude
furtherpurifiedby

fractio~ distillationat 5 miJJ&etersofmercurypressureto @eld
3680gramsofolefin.Therangeofboilingpoint(118°to134°C) and
ofrefractiveindexn20 (1.6038to 1.6137)indicatedthattherewas

CD
rearrangementto 1(l-naphthyl)2-methyl-l-propeneonprolongedheating,
andthereforetheotherphysicalconstantswerenotdetermined.

Thestructuresofthetwoolefinswereestablishedby ozonolysis
(reference24).

[
1 l-~aphthyl)2-methyl-2-propenegaveants of

fcmmaldehydeand1 l-naphthyl)2-propanone.Thefragmentswereidenti-
fiedby meansoftheir2,4-Utrophenylhydrazones(meltingpoints166°-
167°C and178°-1790G,respectively)andthesemicarbazoneof
1(1-naphthyl)2-propsnme(meltingpoint,190°-1910C;reference25
gives205°C).

Analysisof1(1-naphthyl)2-propanone-2,4-dinitrophenylhydrazone-

CalculatedforC19H16041’T4:IT,15.38percent

Found:N, 15.55and15.43percent

1(1-Naphthyl)2-methyl-l-propenegavefragmentsofacetone,which
gavea positiveiodoformtest,andl-naphthaldehyde,whichgavea
2,4-dinitrophenylhydrazone(meltingpoint,262.5°-2640C). A sample
mixedwiththe2,4-dinitropheny~drazoneofknownl-nqhthaldehyde
(meltingpoint,259°-2610C)meltedat 261°-262.5°C.

Theolefinwashydrogenatedtol-isobutyhaphthaleneinfiveruns
ina 3.35-literrockingautoclave;4 moles(729grams)d theolefin
wasdilutedto1350milliliterswithmethylcyclohexaneandchargedto
theautoclavewith73 @xunsof copperchromitecatalyst.Theinitid
hydrogenpressurewas1600poundspersquareinchat 30°C andthe
mixturewasheatedto lJ.5°C beforetherockerwasstarted.ti
approximately3 minutes,3.5molesofhydrogenhadreacted,andthe
temperaturehadrisento163°C fromtheheatofreaction.Whenthe
rockerwasstartedat95°to 100°C,thereactionproceededmore
slowly;3.7molesreactedin10to12minutesandthetemperaturerose
to appro~tely 135°C. Thereactionsolutionwasfilteredto remove
thecatalyst,andthemethylcyclohexsnewasUstilledatatmospheric
pressure.Therecoveryofl-isobutylnaphthalenewas99percent
(3543grams),54percentofwhichwas99.5to 99.8mole&rcentpure
afterfractionaldistillationatreducedpressure(fig.l(c)).Purity
wasnotdeterminedforthefinal35percentofthedistillati~product.

..-- .—-. .. ———. — _— _ —- .—— ———— —.
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l-Ihztylnaphthslene

Ftistmethod.- A qmntityof25imoles(1802grams)of.freshly
distilledbutyraldehyde,dissolvedin7.5litersofdryether,was
addedtotheGrignsrdreagentfrcm25molesofl-brOmonaphthslenein
a 30-gallonglass-wedreactor.Afterbeingrefluxedfor3 hours,
thereactionmixturewashydrolyzedwith9.5Ilt=s ofsaturated
amnoniumchloridesolution,andtheether-benzenesolutionwasdecanted
fromthe.precipitatedsalt.Thessltwasthendissolvedinwater,and
theremainderoftheproduct,absabedonthesaltcake,wasrecovered.
Theethersndbenzenewereremovedby distillationandthe
1{1-naphthyl)l-butanoldistilledatreducedpressure(1to 2 m Hg).
Therewasobttied517grsms(16percent)ofnaphthal.eneand4020grams

. (80percent)ofhalogen-freecarbino.1.Thecarbinolwasdehydratedby
pass- a methylcyclohexanesolution(50percentby volume)througha
2.5-by 135-centimetercolumnofactivatedaluminaheatedto 240°to
300°C attherateofapproximately400millilitersofsolutionper
hour.Therewasobtained320millUMtersofwater(theoryrequires
317ml),and2857grams(89-patentrecovery)of olefinfrom3520gmms
cd?Carbinol.

Theozonideof1(1-naphthyl)l-butenegavefragmentsidentifiedas
l-naphtlmJiehyde(meltingpointof2,4-d3nitrophenylhydrazone,
259°-2610C;meltingpointd ~-nitrophenylhydrazone,235°-2380C;
reference26gives254°and237°C,respectively).

Theolefti(2575~ams)washydrogenatedas describedfor
l-isobuty~phthaleneandyielded2240grams(86-percemtrecoverg)of
l-butylnsphthalene.Ofthismaterial,42percentwas99.0to 99.8mole
yercentpue (fig.l(d)).

Secondmethod.- Ina typicalexperiment,3 moles(207.3grsms) of
bulzyronitriledissolvedin250mXKKlitersof”etherwasaddedovera
periodof1.2hourstotheGrignardreagentpreparedfrom3.6molesof
l-bromonaphthalene.Thereactionwasheatedatrefluxfora totalof
22.5hours,allowedto cool,andhydrolyzedby pouringitintoa mix-
tie of4000gramsoficesnd500gmms of98-percentsuE@ic acid.
Thehydrolysismixhnewasheatedona steambathfor1.5hoursto
hy&olyzetheketiminetotheketone.Theketone,combinedwiththe
etherextractoftheacidlayer,waswashedwithwaterandsodium
bicarbonatesolution.Theproductwasconhtiedwith+Aeproductofa
4.3-molereactionandUstilled(boildngpetit,171°to172°C at
9 m Hg)toyield1175gcamsofpropyl-1-naphthylketone(81-percent
yield,basedonbutyronitrile).

Theketonewasreducedtothehydroc~bonby theWolff-Kishner
reactionat atmosphericpressure(reference27). Theevolvednitrogen
amountedto 67liters(theoryreq@res66.5liters).Theproductwas
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isolatedby dilutionwithapproximtel.yI-Ovolumesofwater,thehydro-
-bon layerwasseparated,andthewat= layerwasextractedwith
benzene.5e productobtainedfrm twosuchpreparationswasccmibined
anddistilledto givea yieldof959~ams (87percent,basedonketone)
ofl-butylnaphthalenewitha constantrefractiveindexX* of1.5818.

ThirdIEthOd. - A totalof5.1moles(1164grams)ofbutyl---
toluenesulfomte,dissolvedin1 literofdrybenzene,wasaddedduring
a 3-hourperiodto theGri@mrdreagentprepuedfrom5 molesof
l-bromonaphthalene.Themixturewaskeptatrefluxwithstfiingfor
anadditimal5 hours.ThesemisoMdreacti6nmixturewaspouredinto
2000gramsoficeand200~ ofconc~tratedhydrochloricacid. The
solidwasseparatedby filtmingona Buchnerfunnelandwashedwith
warm10-percexrtaqueoussodiumhydrcxddesolutionandwater,andthe
solventswereremovedby dist-tim. Theproductwasdistilledat
reducedpressureandyielded714.4grams(39-ercentyield)of
l-butylnaphthalenewitha refractiveindex 2

%0 of1.5813to 1.5819.

CONCLUDINGREMARKS

Thepreparationandthepurificationoffourl-alkylnaphthal.enes,
l-methylnaphthalene,l-ethylnaphthalene,l-butylnaphthalene,and
1-isobutylnaphthalene,aredescribed.Thehydrocarbonswereprepared
ina quantityto obtaina minimmof500millilitersofeachwitha
puritycalculatedtobe atleast99molepercent.Thephysical
constantsof samplesofthesehydrocarbon,est3matedtobe at least
99.8molepercentpure,weredeterminedby precisemeasurements.

LewisFlightFhpulsionLaboratory,
I?ationalAdvisoryCommitteeforAeronatiics,

Cleveland,Ohio,April23,1951.
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TABLE I - PHYSICAL CONSTANTS

Hydrocarbon Melting

‘:%;

l-MethYlnaphthalene -30.50

l-Ethylnaphthalene -13.88

l-Isobutylnaphthalene- 9.37
-22.14

l-Butylnaphthalene\ -19.76

Hydrocarbon

L
l-Metbylnaphthalene

l-Ethylnaphthalene

l-Isobutylnaphthalene

l-Butylnaphthalene

.244.42 1.6174 1.02015 2.3

258.67 1.6062 1.00816 3.9

279.54 1.5794 .97144 5.4

289.34 1.5819 .97673 6.0

Estimated

r
i.ty

mole
percent)

99.9

99.8

99.8

99.8

T

ca
talc.

Net heat
of combus-
tion
(kcal/mole)

Ana177Bis I Kinematic viscosity

92.91

92.26

91.25

91.25

1345

1475

1771

1773

(perc&t ) I

‘bon
Found

92.92

92.2Q

91.28

91.29

7.09

7.74

8.75
.

8.75

‘?%+%%
7.80 I .987

8.80 1.32

8.75 I 1.28

(centlstoke@ ) -

T

60.0° C 37.8° C
1400 F) (100o F)

1.51 2.21

1.68 2.57

2.55 4.42

2.37 3.95

00 (j
(320 F)

5.99

7.83

23.53

15.86
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Figure 3. - Infrared qwtra. Cell width, 0.1 millimeter; sample undiluted and diluted 1:10with oarbon

disulfide.
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